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(54) A method of recovering data acquired and stored down a well, by an acoustic path, and 
apparatus for implementing the method 

(57) In a well (1 0) in production or undergoing tests, 
the recovery of data acquired and stored in a downhole 
unit (1 6) located in the lower part of a drillpipe string (1 2) 
below a test valve (20) is effected directly in the form of 
acoustic signals between the downhole unit (16) and an 
interface tool (24). To this end, acoustic coupling is es- 
tablished between the tool (24) and the drillpipe string 
(12), and electro-acoustic transducers are provided in 
the tool and in the downhole unit (16). Commands are 
transmitted in the opposite direction, also in the form of 
acoustic signals, in particular to initiate data recovery. 
The transmission of data and commands between the 
tool (24) and the surface unit (22) is effected by any 
known means, for example in the form of electrical sig- 
nals carried by a cable (26). 
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Description 

TECHNICAL FIELD 

This invention relates to a method of recovering da- 
ta acquired and stored in a downhole unit located below 
an obstruction, in the lower part of a drillpipe string dis- 
posed in a well, such as an oil well under test or in pro- 
duction. 

The invention also relates to apparatus for imple- 
menting this method. 

STATE OF THE ART 

When an oil well is under test before being put into 
service, measurements are made, such as pressure 
measurements down the well, with the aid of downhole 
unit located in the lower part of a drillpipe string received 
within the well. This downhole unit is normally placed 
below a valve fitted in the drillpipe string in such a man- 
ner as to allow alternate opening and closing of the pas- 
sage formed in the drillpipe string. 

The development of the reservoir can also be mon- 
itored periodically when the well is in production, by 
means of apparatus like that used during tests. 

In both cases the measurements are effected down 
the well by means of sensors, such as pressure sensors 
forming part of the downhole unit and they are stored in 
this unit. Recovery at the surface of data thus acquired 
is effected later, when the measurement campaign has 
been completed. 

More specifically, according to that conventional 
technique, the recovery of data at the surface is normally 
effected by means of equipment which is lowered to the 
level of the downhole unit to recover the data stored in 
the unit. That data recovery technique prevents the tool- 
ing being lowered before the measurement campaign 
has been finished, since performance of the measure- 
ments is accompanied by the intermittent closing of the 
valve disposed above the downhole unit in the lower part 
of the drillpipe string. 

That conventional technique does not pose any par- 
ticular problems so far as the recovery of data at the 
surface is concerned. However, it is a disadvantage to 
postpone exploitation of the measurements until the end 
of the measurement campaign. It is thus completely im- 
possible to intervene on measurement acquisition pa- 
rameters or even to interrupt the measurements if it ap- 
pears that the results justify this. This leads in turn to a 
loss of time and money which is sometimes large when 
the measurements cannot be used for one reason or 
another and a new measurement campaign is neces- 
sary. 

In order to deal with this problem it appears desira- 
ble to be able to transmit the data acquired by the sen- 
sors of the downhole unit in spite of the presence of the 
valve. It also appears to be desirable to be able to op- 
erate on the downhole unit during the measurements, 



particularly in order to be able to vary its data acquisition 
parameters. 

As is shown in particular by the document US-A 4 
992 997, use of the drillpipe string has been contemplat- 

s ed to transmit the data between a downhole unit and a 
surface unit, in the form of acoustic signals. However, 
up to the present, that technique has not been able to 
provide industrially exploitable results, in particular be- 
cause the drillpipe string is built up from pipe sections 

10 that are connected together by joints which create ech- 
oes. 

It is proposed in the document WO-A 92 0627B to 
insert an intermediate unit in the drillpipe string, located 
above the valve. The data acquired in the downhole unit 
is js transmitted to the intermediate unit as it is acquired, 
in order to be stored. The transmission of data between 
the downhole unit and the intermediate unit is effected 
in the form of acoustic signals. When it is desired to re- 
cover the data at the surface, a tool suspended on a 

20 cable is lowered inside the drillpipe string to the level of 
the intermediate unit. The transmission of data between 
the intermediate unit and the tool is effected by inductive 
coupling. The data is then recovered at the surface unit 
in the form of electrical signals passing along the cable 

25 on which the tool is suspended. 

Compared with the method which is normally used, 
that method allows data to be recovered without waiting 
for the end of the measurement campaign. However it 
suffers from the disadvantage of requiring the addition 

30 of a supplementary intermediate unit in the drillpipe 
string and the presence of inductive coupling means be- 
tween this unit and the tool, which results in an appre- 
ciable increase in the cost compared with conventional 
apparatus. 

35 Moreover, the intermediate unit comprises numer- 
ous parts (acoustic transducer, filter, inductive winding, 
rechargeable battery, electronic module, etc.), which 
lead to substantial size in the height direction. The trans- 
mission of data in the form of acoustic signals between 

40 the downhole unit and this intermediate unit is thus ef- 
fected over a relatively great length of the drillpipe string, 
which requires complex signal processing. 

Finally, the signal processing recommended in the 
intermediate unit imposes constraints on size which are 

45 difficult to satisfy, taking into account both the small 
thickness of the drillpipe string and the complexity of the 
processing to be effected. 



SUMMARY OF THE INVENTION 



50 



According to the invention there is provided a meth- 
od of recovering data acquired and stored in a downhole 
unit located below an obstruction, in the lower part of a 
drillpipe string disposed in a well, characterized in that 
55 the method comprises the following steps: 

positioning an interface tool in the drillpipe string, 
above the obstruction, in such a way as to ensure 
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acoustic coupling of the tool with the drillpipe string; 
and 

transmitting data previously stored in the downhole 
unit directly trom the unit to the interface tool, in the 
form of acoustic signals travelling in the drillpipe 
string. 

The invention thus defined can ensure data recov- 
ery without waiting for the end of a measurement cam- 
paign and without the need for an additional intermedi- 
ate unit in the drillpipe string. It also avoids the need for 
inductive coupling means between the drillpipe string 
and the tool. Furthermore, the distance data is transmit- 
ted along the drillpipe string in the form of acoustic sig- 
nals can be reduced to a minimum value and the data 
is processed at the surface. 

The positioning of the interface tool is advanta- 
geously also followed by sending commands to the 
downhole unit, transmitted directly from the tool to the 
unit in the form of acoustic signals, the commands com- 
prising a start -of-transmission command which initiates 
data transmission. 

In a preferred embodiment of the invention, the 
transmission of data to the interface tool, in the form of 
acoustic signals, is followed by the following steps: 

transformation of the acoustic signals into non- 
acoustic signals in the interface tool; and 
transmission of data from the interface tool to a sur- 
face unit in the form of non-acoustic signals. 

An interface tool is then preferably used which is 
connected to a surface unit by a cable, in which the data 
is transmitted in the form of electrical signals. 

In a variant the data can also be transmitted be- 
tween the interface tool and a surface unit in the form of 
electromagnetic signals. 

In another embodiment of the invention, the data is 
recorded in the interface tool and the tool is recovered 
at the surface in order to make use of the data. 

The invention also provides apparatus for recover- 
ing data acquired and stored in a downhole unit located 
below an obstruction in the lower part of a drillpipe string 
in a well, characterized in that the apparatus comprises: 

an interface tool adapted to be positioned in the drill- 
pipe string above the obstruction and comprising 
acoustic coupling means for coupling the tool to the 
drillpipe string; and 

means for directly transmitting data stored in the 
downhole unit, from the unit to the interface tool in 
the form of acoustic signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

various embodiments of the invention are de- 
scribed below by way of non-limiting example, with ref- 
erence to the accompanying drawings, in which: 
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Figure 1 is a partial longitudinal section which is a 
highly schematic representation of a well undergo- 
ing tests and equipped with apparatus for recover- 
ing data constituting a first embodiment of the in- 
vention; 

Figure 2 is a sectional view in more detail of the part 
of the apparatus of Figure 1 located down the well; 
and 

Figure 3 is a schematic partial section like Figure 1 , 
illustrating another embodiment of the apparatus of 
the invention for recovering data. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

An oil well 10 being drilled and undergoing tests is 
shown in a very schematic way in Figure 1 . The well 10 
is equipped with a test apparatus allowing the charac- 
teristics of the reservoir to be evaluated. 

The test apparatus comprises in particular a drill- 
pipe string 1 2 which extend into the well from the surface 
down to a level near that of the reservoir (not shown) 
whose characteristics are sought. An annular sealing 
sleeve 1 4 blocks the ann ular space formed between the 
well 1 0 and the drillpipe string 12 near to the lower end 
of this drillpipe string. 

The test apparatus proper comprises a downhole 
unit 16 integrated into the drillpipe string 12 at its lower 
end. This downhole unit 16 can either be located below 
the sealing sleeve 14, as shown in Figures 1 and 2, or 
just above the sleeve. In the latter case, passages con- 
nect the inside of the drillpipe string 12 to the downhole 
unit 16, so that the measurements made with the unit 
are representative of the physical characteristics of the 
reservoir below the sleeve 14. 

The downhole unit 16 comprises in particular at 
least one sensor, such as a pressure sensor 18, as 
shown in more detail in Figure 2. The sensor 18 is 
equipped with a recording memory 1 9 in which the data 
acquired by the sensor is stored. 

The downhole unit 16 also comprises a rechargea- 
ble battery 17 serving in particular to supply power to 
the sensor 1 8. It also comprises a control circuit 21 serv- 
ing in particular to control data acquisition and storage 
in accordance with predetermined parameters. 

The test apparatus also comprises a test valve 20 
located in the lower part of the drillpipe string 12, above 
the sealing sleeve 14 and the downhole unit 16. This 
test valve 20 is so disposed in the drillpipe string 12 as 
to allow the passage which extends abng its entire 
length to be blocked. The valve 20 is closed intermittent- 
ly during a measurement campaign, in order to allow the 
sensor 18 to measure the increase in pressure which 
occurs when the valve is opened. 

The test apparatus also comprises a surface unit 
22, in which the data acquired by the sensor 18 of the 
downhole unit 16 and stored in the recorder 19 is sub- 
sequently processed, interpreted and stored, once it has 
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been recovered. 

In conformity with the invention a recovery appara- 
tus for the data acquired and stored in the downhole unit 
1 6 is added to the conventional test apparatus as de- 
scribed above. This data recovery apparatus comprises 
an interface tool 24 provided for positioning in the lower 
part of the drillpipe string, directly above the test valve 
20. This interface tool 24 is provided with acoustic cou- 
pling means, whose operation ensures acoustic cou- 
pling between the too! and the drillpipe string 12. 

In the embodiment shown in Figures 1 and 2, the 
interface tool 24 is suspended on a cable 26 whose op- 
posite end is connected to the surface unit 22. The cable 
26 then ensures data transmission between the tool 24 
and the surface unit 22 in the form of electrical signals. 

In this first embodiment of the invention, the acous- 
tic coupling between the interface tool 24 and the drill- 
pipe string 12 can be effected in particular by a mecha- 
nism which provides coupling through friction. This 
mechanism comprises, for example, pads 28 which are 
hinged on the tool 24 and which are deployed and re- 
tracted under the control of screws. When the pads 28 
are deployed as shown in Figure 2, they make contact 
with the inside surface of the drillpipe string 1 2 and thus 
press the interface tool 24 firmly against this surface. 
Good acoustic coupling is thus obtained. 

The data transmission apparatus of the invention 
further comprises means for directly transmitting the da- 
ta acquired and stored in the downhole unit 16 to the 
interface tool 24, in the form of acoustic signals. These 
transmission means also allow direct transmission of 
commands originating from the interface tool 24 to the 
downhole unit 16, likewise in the form of acoustic sig- 
nals. 

These transmission means comprise electro- 
acoustic transducer systems 30 and 32 in the downhole 
unit 16 and in the interface tool 24 respectively for con- 
verting electrical signals into acoustic signals and vice 
versa. These transducer systems can in particular be of 
piezoelectric, magnetostrictive or other type. Electronic 
circuits 31 and 33 are associated with the transducer 
systems 30 and 32 respectively. 

By virtue of the acoustic coupling between the in- 
terface tool 24 and the drillpipe string 1 2 and of the pro- 
vision of the electro-acoustic transducer systems 30, 32 
in the downhole unit 1 6 and in the interface tool 24, the 
data acquired and stored in the downhole unit can be 
transmitted from the downhole unit to the tool, and the 
commands for the downhole unit can be transmitted 
from the tool to the downhole unit, in both cases in the 
form of acoustic signals travelling in the drillpipe string 
12. 

When the interface tool 24 has not yet been lowered 
into the drillpipe string 12, the transducer system 30 of 
the downhole unit is in a wait state. 

When the interface tool 24 has been inserted into 
the drillpipe string above the valve 20, and then coupled 
acoustically to the drillpipe string by deployment of the 



pads 28, a start-to-transmit command is sent from the 
surface unit 22 or the tool 24. This command is trans- 
mitted directly from the interface tool to the downhole 
unit 16, in the form of an acoustic signal travelling in the 
s drillpipe string. Its effect is to activate the transducer sys- 
tem 30 of the downhole unit. The data previously en- 
tered in the memory 1 9 of the downhole unit 1 6 are then 
transmitted directly to the electronic circuit 33 of the tool 
24, again in the form of acoustic signals travelling in the 
to drillpipe string. 

It should be noted that the same mode of acoustic 
transmission can be used to transmit any command 
from the tool 24 to the control circuit 21 of the downhole 
unit 16, especially to clear the recording memory 19 or 
is to modify the acquisition parameters and/or to enter da- 
ta in memory. 

Given that the interface tool 24 is itself connected 
to the surface unit 22 by the cable 26 in the embodiment 
of Figures 1 and 2, the data acquired by the sensor 18 
and stored in the downhole unit 16 can be transmitted 
to the surface unit 22 without waiting for the end of a 
test campaign. The interpretation of the measurements 
made in the surface unit 22 makes it possible either to 
interrupt the tests, if an anomaly is found, or to alter in 
real time the acquisition or storage parameters in the 
downhole unit 16, by transmitting commands for this 
purpose from the surface unit 22 to the downhole unit 
1 6, in the form of electrical signals in the cable 26 and 
then in the form of acoustic signals between the inter- 
face tool 24 and the downhole unit. 

The data recovery apparatus of the invention thus 
allows the duration and cost of tests to be reduced sub- 
stantially, without any need to add a unit to the drillpipe 
string. 

The embodiment of the data recovery apparatus de- 
scribed above with reference to Figures 1 and 2 should 
not be considered as limiting. Thus the apparatus of the 
invention can be used equally well in a well undergoing 
tests or in a well in production, and the acoustic coupling 
means of the interface tool 24 and the drillpipe string 1 2 
as well as the data and command transmission means 
between the tool and the surface unit 22 can differ from 
those which have been described. 

Thus the frictional acoustic coupling mechanism 
described above with reference to Figures 1 and 2 can 
be replaced by a bolt mechanism cooperating with a re- 
cess provided therefor inside the drillpipe string 1 2 just 
above the valve 20. 

As illustrated schematically in Figure 3, it is also 
possible to receive the interface tool 24 in a pocket 34 
formed on one side in the thickness of the drillpipe string 
12, immediately above the valve 20. 

Figure 3 also shows the case in which the data re- 
covery apparatus of the invention is used in a production 
well. In this case, the test apparatus described above 
with reference to Figures 1 and 2 is replaced by produc- 
tion apparatus with substantially the same characteris- 
tics. Thus the production apparatus likewise comprises 
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a drillpipe string 1 2, a sealing sleeve 1 4 : a downhole unit 
16, and a valve 20. However, it differs from the test ap- 
paratus in that the annular space formed in the well 10 
around the drillpipe string 12 is blocked at ground level 
by a well head 36. It also differs from the test apparatus s 
in that the downhole unit 16 is also received in a side 
pocket 38 formed in the drillpipe string 12, below the 
sealing sleeve 14. 

Although the transmission of data and commands 
between the interface tool 24 and the surface unit 22 io 
can be effected in a production well in the manner de- 
scribed above with reference to Figures 1 and 2, i.e. in 
the form of electrical signals travelling in a cable, Figure 
3 also shows another mode of transmission of data and 
commands between the tool 24 and the surface unit 22. is 

This mode of transmission of data and commands 
consists in electromagnetic transmission. To this end 
the surface unit 22 is connected to the ground by an 
electrical conductor 40 and to the well head 36 by an 
electrical conductor 42. The data to be transmitted from 20 
the tool 24 to the surface unit 22 and the commands to 
be transmitted in the opposite direction are emitted in 
the form of electromagnetic signals, and they travel as 
electricity flowing in the drillpipe string 1 2 and in the well 
head 36. 2s 

It should be noted that this technique of transmitting 
data and commands in the form of electro-magnetic sig- 
nals between the interface tool and the surface unit 22 
can also be used in a well undergoing tests. 

In the case of a production well, when the tool 24 is 30 
designed to be received in a side pocket 34 of the drill- 
pipe string 1 2, the recovery of the data picked-up by the 
tool can also be effected by equipping the tool with a 
memory, which is read out after the tool has been recov- 
ered at the surface. To effect such recovery a line like a 35 
piano wire can be used in particular, which provides a 
mechanical connection function only. 

Claims 40 

1 . A method of recovering data acquired and stored in 
a downhole unit (16) located below an obstruction 
(20), in the lower part of a drillpipe string (12) dis- 
posed in a well (1 0), characterized in that the meth- 45 
od comprises the following steps: 

providing an interface tool (24) in the drillpipe 
string (1 2), above the obstruction (20), in such 
a way as to ensure acoustic coupling of the tool so 
with the drillpipe string; and 
transmitting data previously stored in the down- 
hole unit (16) directly from the unit to the inter- 
face tool (24), in the form of acoustic signals 
travelling in the drillpipe string (12). 55 

2. A method according to claim 1 , characterized in that 
the positioning of the interface tool (24) is also fol- 



lowed by sending commands to the downhole unit, 
transmitted directly from the tool to the unit in the 
form of acoustic signals, the commands comprising 
a start-of-transmission command which initiates the 
data transmission. 

3. A method according to claim 1 or 2, characterized 
in that the transmission of data to the interface tool 
(24), in the form of acoustic signals, is followed by 
the following steps: 

transformation of the acoustic signals into non- 
acoustic signals in the interface tool (24); and 
transmission of data from the interface tool (24) 
to a surface unit (22) in the form of non-acoustic 
signals. 

4. A method according to claim 3, characterized in that 
an interface tool (24) is used which is connected to 
a surface unit (22) by a cable (26) through which 
the data is transmitted in the form of electrical sig- 
nals. 

5. A method according to claim 3, characterized in that 
the data is transmitted between the interface tool 
(24) and a surface unit (22) in the form of electro- 
magnetic signals. 

6. A method according to any one of claims 1 to 3, 
characterized in that the data is recorded in the in- 
terface tool (24) and the tool is recovered at the sur- 
face in order to make use of the data. 

7. Apparatus for recovering data acquired and stored 
in a downhole unit (16) located below an obstruction 
(20) in the lower part of a drillpipe string (12) in a 
well (10), characterized in that the apparatus com- 
prises: 

an interface tool (24) adapted to be positioned 
in the drillpipe string (1 2) above the obstruction 
(20) and comprising acoustic coupling means 
(28) for coupling the tool to the drillpipe string; 
and 

means (30, 32) for directly transmitting data 
stored in the downhole unit (16), from the unit 
to the interface tool (24) in the form of acoustic 
signals. 

8. Apparatus according to claim 7, characterized in 
that the transmission means (30, 32) also allow 
commands for the downhole unit (1 6) to be trans- 
mitted directly from the interface tool (24) to the unit, 
in the form of acoustic signals. 

9. Apparatus according to claim 7 or 8, characterized 
in that the interface tool (24) comprises means (32) 
for converting the acoustic signals into non-acoustic 
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signals and in that it further comprises means (26) 
for transmitting data between the interface tool (24) 
and a surface unit (22) in the form of non-acoustic 
signals. 

s 

10. Apparatus according to claim 9, characterized in 
that the non-acoustic signals are adapted to travel 
along a cable (26) connecting the surface unit (22) 
to the interface tool. 

10 

11. Apparatus according to claim 9, characterized in 
that the non-acoustic signals are electromagnetic 
signals adapted to travel along the drillpipe string 
(12). 

is 

12. Apparatus according to claim 8, characterized in 
that the interlace tool (24) comprises means for re- 
cording data, adapted to be made use of after re- 
covery of the tool. 

20 
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